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Introduction
At Rose-Hulman Institute of Technology we have an ABET accredited engineering physics program. Our department of Physics and Optical Engineering offers three degrees, Optical Engineering, Physics and Engineering Physics. The program requires courses to be taken in several departments including mechanical engineering and electrical engineering. The topics our students are educated in range from semiconductor manufacturing to thermodynamics.
Our goal with this program was to generate engineers capable of understanding and applying modern physics to solve problems. It is our expectation that students graduating with this degree will be able to contribute to any company, being able to breakdown and solve complex problems at the boundaries between classic engineering disciplines.
The major components covered within this degree are covered in the following subtopics. In order to see the opportunities that develop between classic disciplines such as electrical and mechanical engineering, our students need enough breadth over these categories to speak to different types of engineers as well as recognize problems that arise from classic engineering disciplines crossing over. We provide the breadth by requiring courses in electrical engineering, mechanical engineering, optical engineering, and physics.
We provide depth for our engineering physics majors by focusing on micro and nanotechnology and fabrication. Our students take two courses in nanotechnology, five courses in semiconductors and microfabrication with hands-on lab experiences.
Finally we combine this with a three course capstone design sequence beginning in their junior year, and ending in their senior year culminating in a prototype for an industrial client.
Modern Physics Courses Offered: PH255, PH401, EP280 & EP380
We introduce students to modern physics starting in physics III with the concept of relativity. As sophomores the students take modern physics (PH255) while also taking introduction to nanotechnology. These courses complement each other as modern physics provides the theory that is applied in the nanotechnology course, such as tunneling. The following quarter, students take a second nanotechnology course (EP380). This second nanotechnology course builds upon the modern physics they already have to include investigating quantization, and the application of the Schrödinger's equation to observe probabilities, and determine Eigen frequencies for various nanoparticles with modeling software. Finally, our students take a quantum physics class PH401. This provides our students with a stronger understanding of quantum mechanics, a key component for micro and nanotechnologies.
Software and Modelling
Courses Offered: ME123 or CSSE120, EP190, EP380, EP411, EP415
We foresee that our students need to be able to perform some amount of programming in order to have a positive contribution to society in the future. We require our engineering students to take an introductory course in programming, and follow this up with writing their own code during the junior design course, as shown in FIG 2.
Our students are also introduced to modern engineering tools such as modeling by utilizing a finite element software package COMSOL, starting as freshman, and continuing to use this modeling software each year. As freshman our students use COMSOL to model simple heat flow behavior and compare this to what would be expected from basic formulas. As sophomores, the student use COMSOL to model electrons surrounding a hydrogen atom. In Their junior year, the student model heat flow within a heat sink, and make design decisions utilizing their observations. As seniors the students apply electrical, thermal and mechanical behaviors to create a model of MEMS devices such heat actuators.
Mechanics and Thermodynamics EP380, EM121, EM104, EM103, EP410, EP411, Ph327, Ph235
We expect our students to have a good understanding of mechanics, stress, and strain and thermodynamics. Our students take three courses within the mechanical engineering department. This allows the students to take additional upper level courses within mechanical engineering if they find this to be an area of interest for themselves. We also apply basic mechanics in several courses within their curriculum within the PHOE department. Within EP 380 the students calculate and model AFM tips as cantilever beams, and observe the different possible frequencies. The students then experimentally observer the frequencies of oscillation utlilizing a tapping mode AFM tip.
The students also receive an education in thermodynamics and fluid flow, these relationships are initially started in PH235 (Many Particle) and examined more in depth in PH327 (Thermodynamics). Finally as shown in figure 3 the students develop are expected to apply this knowledge during their junior design sequence. We expect any EP student graduating from RHIT to possess a solid background in electronics. Their training in the subject begins in our introductory Physics courses (PH112 & PH113) where they are first exposed to concepts in electricity and magnetism such as electric fields and potentials, electric current and resistance, DC circuits, capacitance, sources of magnetic fields, Faraday's law and inductance. This basic skill set is further developed in their sophomore year when the students take ECE203 and ECE204, two 10-week courses focusing on topics in DC and AC circuits. These classes further develop the students' circuit design and analysis skills, i and incorporate hands-on laboratories which allow the students to construct, test and troubleshoot several different types of circuits, while allowing them to gain invaluable experience with test equipment such as voltmeters, ammeters, power meters, oscillioscopes and function generators.
During their junior year, the students are exposed to four courses in this thrust area. PH316 and PH317 are advanced classes in electricity and magnetism while PH405 and EP406 discuss fundamentals in semiconductor materials and devices. Both PH405 and EP406 have a lab component in which the students once again receive hands-on training. In PH405, students investigate the structure of several semiconductors via an XRD and SEM, perform bandgap, 4-pt probe, Hall effect measurements and study the generation and recombination of charge carriers in semiconductor materials. During the final lab in the course they investigate the behavior of a simple diode (p-n junction). This is carried over into the EP406 lab where the students spend the first three weeks of the quarter fabricating their own silicon diode. Following fabrication, they test their device using the methods that they learned in PH405 and compare their results to the commerically available diode. The final six weeks of lab has the students invesitgating several different semiconductor devices such as the silicon npn BJT and n-channel MOSFET, PIN diodes and basic digital logic circuits. The students training in electronics will conclude with EP407 which is currently being designed. This course will force the students to utilize the knowledge gained in previous electronics and fabrication courses to design, build and characterize advanced semiconductor devices such as CMOS transistors and logic circuits such as NOR or NAND gates, simple adders and an ALU. The students ability to understand and work with electronic devices is further tested in EP415, our junir design class. In this course, the students are challenged to construct an electronic circuit which meets a specific set of requirements. The design is completely up to the students, as shown in Figure 5 . Using provided parts, the students must deliver a working prototype to pass the project. EP students graduating from RHIT are also expected to be proficient in the field of optics. Training in optics begins in the third quarter of their freshman year in introductory Physics. In the PH113 course, the students are introduced to basic concepts in the field of optics such as: basics of electromagnetic waves, reflection and polarization, diffraction, and simple geometric and physical optics principles. Following this course, the students have the option of taking two advanced sophomore level optics courses which cover more advanced topics in physical or geometric optics. EP students are required to take OE295 and optical engineering course which focuses on photonic devices and systems. This course encompasses a variety of topics which include an introduction to optical radiation, radiometry and photometry. Additional material in the course cover concepts such as Blackbody radiation, thermal sources and optoelectronics (devices and detectors). Both PH113 and OE295 are lab courses which provide the students hands-on experience in physical optics, photonics and optoelectronics. These courses coupled with their lab experience prepare the EP students for EP415 where they are required to complete a lens design project during the last three weeks of the class (Figures 6 and 7) . Similar to the electronics project described above, the students are given a set of requirements and they are instructed to design a system which will meet those requirements. During this three week project, the students develop a Gantt chart to plan out their work, go through a engineering design review (at the mid-point in their project) and give a final presentation and demonstration of their product. The students are also introduced to the role optics plays in the semiconductor fabrication process in EP410 and EP411. Photolithography equipment such as projection and contact aligners and steppers are discussed in detail. The students are exposed to the concepts of a photomask -what it is and how you fabricate it and why you use it in the fabrication process.
Figures of merit such as numerical aperture, minimum feature size and resolution are discussed as well. Advanced concepts are introduced in EP411.
Design
Required Courses: EM103 or ECE160, EP415-417, EP407, EP411
The EP students are exposed to the concept of design throughout their career at RHIT. This begins during their freshman year when they take an introductory design course (either EM103 or ECE160). The introductory design course Introduces the engineering design process to the students. The students are introduced to several design concepts including: problem definition, analysis techniques, examining alternate solutions, identifying specifications for a final solution, and are instructed on proper techniques for giving oral and written reports. What is unique about this course is that it, stresses the importance of teamwork through group design efforts. Following the freshman design sequence, the students receive several more design projects throughout their career at RHIT. This begins in EP411 when they are tasked to design a MEMS device in which they must develop a process flow, fabricate in the cleanroom and successfully test in order to receive a satisfactory grade in the course. EP407 includes design projects in which students must design (via simulations, process flow) fabricate and test complicated semiconductor structures such as logic gates and CMOS devices. Their design experience at RHIT culminates with EP415-417, the EP senior design sequence. In EP415, the students are introduced to the design process and work on four miniature design projects throughout the 10 week quarter to help them prepare for the capstone project. Each miniature project is unique.
The mechanical projects tests and refines the students' CAD skills. The thermal/heat sink projects, forces the students to create accurate simulation models which they can use to machine a heat sink which meets specifications when operating in conductive or convective mode. The electrical project tests the students' ability to construct multiple circuit modules and combine them together to make a functional circuit which completes a task. Finally, the optical and software project challenges the students to build a lens system to image text at certain distances while also demonstrating (via code) the resolution and MTF of their design. The optical/software project includes a mid-project technical design review and final presentation. Both activities are intended to prepare the students for their twenty week capstone project. The EP design sequence culiminates with a capstone project in which students work with an industrial client on a design project. During the twenty-week experience, the students work closely with the client to develop specifications for the project, construct a project plan and budget and hold weekly group meetings to help their client informed of their progress. The students are subjected to two mid-term design reviews, give a final presentation (both oral and poster) to the class and their client on their work and submit a final report which documents all work completed during the twenty week experience. (catapult and ballista) . The students were required to design a device which launched a marble 15 feet. The students could only use materials which were provided in the class: rubber bands, screws, dowel rod, weights and cloth. They also were limited to only 8 hours of 3D print time.
Humanities
Required Courses: RH131, RH330, SV150 or SV152 When our EP students graduate from RHIT, we want them to be well-rounded. To help accomplish this, the students are required to take 9 courses in the humanities. Three courses are required: Rhetoric and Composition (RH131), Technical Communications (RH330) and Introduction to Micro or Macro Economics (SV150 or SV152). The six other courses need to be taken in a specific focus area. Of the six courses the students need to take to satisfy their humanity requirements, two courses must focus on global studies (GS), two courses must emphasize society and values (SV) and two courses must concentrate on ideas and arts (IA). The last course the students take in the humanities at RHIT can be designated either a IA, SV or GS and is typically in an area of interest for the student. For example, if the student was minoring in economics, several of his or her humanities courses would be focused in this area.
Nanotechnology Required Courses: EP190, EP280, EP380
Our students become introduced to the nanoscale as freshman. We introduce the students to analysis equipment such as scanning electron microscopes, atomic force microscopes, as well as microfabrication techniques by creating a PN junction solar cell. The students are then introduced to scaling laws and applied basic modern physics in their introduction to nanoengineering course, as well as hands-on labs creating nanoscale components as shown in Figure 8 . The nanoengineering, entrepreneurship and ethics course then requires the students to apply these concepts as the students develop models and create their own process flows and generate their own models regarding nanoscale devices. Throughout this course sequence, basic physics is applied and taught to the student in terms of the micro and nanoscale, including optics, mechanics, electronics, fluids and biology. 
MEMS and sensing EP410, EP411, EP408
During their time at RHIT, the EP students take two courses in MEMS and one course in sensing. During EP410, the introductory MEMS course, the students are introduces to several topics in microfabrication such as properties of silicon wafers, wafer-level processes, vacuum systems, thermal oxidation, thin-film deposition via physical vapor deposition (thermal evaporator, electron-beam evaporation and sputtering), dry and wet etching processes, fundamentals of photolithography, surface and bulk micromachining techniques, and process integration. The last three weeks of the course focus on MEMS applications. The fundamentals behind the fabrication and operation of thermal heat actuators, capacitive accelerometers, DLP, bio-sensors, and pressure sensors are discussed in detail. During this course the students have a hands-on laboratory in which they fabricate and test a thermal heat actuator. What is unique about this course is that it is cross-listed over several departments which gives students in mechanical, electrical, chemical and bio-medical engineering the opportunity to take this course and receive hands-on training in microfabrication. The EP students receive further training in microfabrication and MEMS when they enroll in the EP411 course. This course builds on their micofabrication knowledge by introducing advanced concepts such as chemical vapor deposition (CVD), atomic layer deposition, doping processes (ion implantation and diffusion), molecular beam epitaxy, chemical mechanical polishing and rapid thermal processing. Interconnect and packaging concepts are also discussed. The course concludes with three weeks on advanced MEMS devices such as piezoresistive and piezoelectric actuators, microfluidics and metamaterials. This course also includes COMSOL modeling project and a review of systems engineering principles. This course includes a lab component in which the students work on a team of 3 to 4 students to fabricate a MEMS device. They are required to develop a process flow, design masks, fabricate and test their device by the end of the quarter. Their progress is assessed via a mid-project design review and a final demo and presentation. The EP students also take a course in sensing at RHIT. This course covers the fundamentals of sensing and sensing systems including: sensor characteristics and signal conditioning, microcontrollers and review of common circuits utilized in sensing systems. This is followed by a discussion of a subset of sensors (displacement, thermal, radiation, humidity, pressure & flow, force & touch and chemical). Specifically, the course covers the fundamentals, fabrication and applications of several sensing technologies. There is also a laboratory component of this course where the students receive hands-on training with several of these sensing technologies.
Student plan of study Our student plan of study includes room for some technical and non technical electives, as shown in Figure 12 , including an elective early in their course load in the sophomore year, allowing students to explore areas of interest for a particular student without penalizing them by requiring an additional year to graduate. 
Conclusion
We have created a Engineering physics program which provides a fundamental background in physics and microtechnology while allowing the students to focus on their own area of interest and including the breadth for them to explore different foci. The allows our graduates to become ideal candidates for a wide variety of graduate school opportunities as well as excellent candidates for industrial positions .
Appendix A

Program Educational Objectives statements for Engineering Physics:
 Our graduates will be in a career path and within it, be promoted; or be in pursuit of an advanced degree  Our graduates will contribute to the society locally, nationally or globally  Our graduates will collaborate within their organization; be active in research and development, in a relevant area of science and technology.  Our graduates will continue to develop professionally.
EP Student Learning Outcomes
1. An ability to use the principles of science and mathematics to identify, formulate and solve engineering problems. a. Demonstrate competency in applying knowledge of mathematics (such as multivariable calculus, differential equations, linear algebra, complex variables, and probability and statistics), physics and chemistry b. Demonstrate competency in applying theoretical and experimental knowledge in physics, optics, solid state, and semiconductor devices for modeling, analysis and design of devices and systems. c. Demonstrate an awareness of multiple possible solutions. d. Use correct data, tools and adequate assumptions to solve problems.
2. An ability to apply both analysis and synthesis in the engineering design process, resulting in designs that meet constraints and specifications. Constraints and specifications include societal, economic, environmental, and other factors as appropriate to the design. 3. An ability to develop and conduct appropriate experimentation and testing procedures, and to analyze and draw conclusions from data. a. Apply safe laboratory practices. b. Develop, plan, and conduct an experiment to meet a specified request for a customer. c. Use modeling as a method to rapidly experiment with a design's characteristics and develop trends . d. Use appropriate statistical and analytical procedures to estimate uncertainties and interpret results. e. Be able to recognize the necessity to use graphical and numerical analysis. f. Draw conclusions from the data.
